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By Thomas W. Finch and Joseph A. Walker 

m e  . B e l l  X-2 variable-sweep  reseaxch airplane has been tested  pri- 
marily at 58.7O sweepback t o  determine the  characteristics a t  transonic 
speeds of a fighter-type  airplane having extreme sweepback. Some of 
the aynamic and s ta t ic   la teral   s tabi l i ty   character is t ics  have been dis-  
cussed previously. This pager w i l l  sllmmarize the  overall lateral sta- 
b i l i t y  and control  characteristics up t o  a Mach nuiber nf Ox9T at  
40,OOO feet  a d  t o  slightly loner  mch nuxibers at dtitudes of 25,000 
and 15,000 feet .  

The dynamic characteristics were influenced by aerodynamic and 
engine  gyroscopic  coupling. The short-period lateral oscilLations were 
moderately well damped up t o  a Mach m e r  of 0.80, but were only t o l e r -  
able at higher M a c h  nuibers because of the influence of nonlinear dmqing. 
However, the damping was generally  unaatfsfactory over mast of the Mach 
number range when  compared t o  the Military Specification. 

The apparent directional s tab i l i ty  was  positive and about constant 
for  a l l  test altitudes up t o  a Mach  number of 0.6 and increased appre- 
ciably a t  higher Mach numbers. The appaxent effective  dihedral was 
positive and had a high value, increasing  rapidly at higher Mach nrznibers. 
The lateral-force  coefficient per degree of sideslip was about constant 
for  a l l  a l t i tudes  to  a Mach nuniber of 0.94 and increased  rapidly with 
further  increase i n  Mach number at k0,OOO feet. There was l i t t l e  change 
In pitching moment caused by sideslip at any alt i tude f o r  the limited 
range of s idesup  angles tested. changes in  dynamic pressure had HCtle 
effect on most of the s ta t ic   s tabi l i ty   character is t ics .  

The rolling  characteristics were affected  considerably by the adverse 
dihedral effects a t  some flight conditions. The aileron  effectiveness w-as 
low at all altitudes and vazied l i t t l e  with Mach ?amber. The airplane 
fai led t o  meet the Military  Specification requirement for rolling velocity 
and the r e m e m e n t  of 1 second t o  bank t o  looo. 
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Directional  divergence  occurred at high lifts and resulted i n  side- 
slip  angles  in  excess  of 25O at low Mach  numbers.  Aileron  overbalance % 

usually followed  the  divergence  and  caused  the  stick to jerk f r o m  side 
to side  unless  restrained. 

Abrupt wing dropping  occurred  near a Mach m&er of 0.91 at 
40,000 feet.  Wing  heaviness was evident  at  higher  Mach  numbers  and  at 
higher dynamic pressures.  Single-degree-of-freedom  flutter  with a fre- 
quency of 30 cycles  per  second  occurred on the  rudder at low supersonic 
Mach  numbers  at  high  altitude. 

The  pilot  considered  the X-5 to  have  the  least  desirable  lateral 
stability  and  control ckacteristics of a nuniber  of  straight-wing, 
swept-wing, delta", and  semitailless  configurations. " " 

&.  , r - - 

The  Bell X-5 research  airplane was procured  for  the  National Advisory 
Committee fo r  Aeronautics  by  the U. S. Air Force to investigate  the c b -  
acteristics of' a variable-sweep  fighter-type  airplane  at  transonic  speeds. 
The  tests  conducted  at  the NACA High-Speed  Flight  Station at Edwds, ? 

Calif.  have  been  pet-formed  primarily at 58. sweepback. 

The  static  lateral  stability  characteriatics  measured in sideslip 
maneuvers  at 40,OOO feet  were  discussed in reference 1 and the  problems 
of directional  divergence  and  aileron  overbalance  were  introduced  in 
references 2 and 3. 'The dynamic lateral  stability  characteristics  were 
discussed in reference 4. This paper  presents  the lateral handling 
qualities  for  Mach e e r s  up to 0.97 at 40,000 feet and to slightly 
lower  Mach  numbers  at  altitudes  of 25,000 and 15,000 feet. 

an normal  acceleration, Q units 

b wing  span, ft 

C variation of rolling-moment  coefficient  with  angle of sidesllp, 

-, dC2  per  radian-- . . "" " . .  

a$ 
zP 
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airplane normal-f orce  coefficient 

variation of yawing-moment coefficient  with angle of sideslip, 

variation of yawing-mmnt coefficient  with  rudaer  deflection, 

-J per deg dcn 
6% 

variation of lateral-force  coefficient with  angle of sideslip, 
&CY -, per deg 
dB 

wing chord, ft 

variation of aileron stick force with sideslip angle,  lb/deg 

variation of pedal  force with sidesllp angle,  lb/deg 

apparent effective  dihedral parameter 

apparent directional  stabil i ty parameter 

appwent lateral   force paz-ter 

control  force, Ib 

acceleration due t o  gravity,  ft/sec2 

pressure  altitude, f t  

stabil izer  sett ing with respect t o  fuselage  center  line,  positive 
when leading edge of s t&il izer  is up, deg 

Mach n-uniber 

period of lateral oscillation,  sec - 
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wing-tip helix angle, radians 

ro l l i ng  velocity,  radians/sec 

pitching  velocity,  radians/sec 

yaHing velocity,  radiane/sec 

time for  rolling  velocity  to  reach maximLua value,  aec 

time t o  damp t o  half amplitude of lateral oscillation,  sec 

time t o  bank t o  100°, sec 

the, sec 

velocity,  Ft/sec . 

calibrated  airspeed, mph 

equivalent  side  velocity,  ft/sec 

angle of attack, deg 

angle of sidesllp, deg 

control  deflection, deg 

bank angle, aeg 

Subscripts: 

&L 

aR right  aileron 

&t t o t a l  alleron 

left  aileron 

e elevator 

r rudder 

max maximum value 

. -I 
, .  

. . .. 

" 
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DESCRIFTION OF THE AIRPIATYE 

5 

The B e l l  X-5 is a transonic  research  airplane  incorporating a wing 
which has sweepback variable in flight between 20° and 58.19. A photo- 
graph of the airplane with the wing at the 58.70 swept position i s  given 
in  figure 1 and a three-view drawing is presented in figure 2. The 
physical  chmacteristics of the atrplane are given in table I. The 
latera3 and directional  control system is unboosted and is composed of 
ailerons with a 45-percent sealed internal balance and a rudder w i t h  a 
par t i a l  span 23 .l-pwcent overhang balance. The fr ic t ion in  the aileron- 
and rudder-control systems is on the order of *3 pounds. 

The following quantities pertinent to this investigation were 
recorded on NllCA internal  recording  instruments synchronized by a c-11 
timer: 

Airspeed and alt i tude 
Normal and transverse  acceleration 
Angles of attack and sideslip 
Aileron, rudder, and elevator  deflections 
Aileron and elevator  stick  force 
Rudder pedal farce 
Rolling, yawing, and pitching  velocity 
W i n g  sweep angle 

An NACA cavity-type total-pressure head WRS mounted on a nose boom 
as shown in figure 2. The position e r ro r  of the head w a s  c a b r a t e d  in 
flight and the accuracy of Mach number measurement from the  airspeed 
calibration i s  within m.01. The angles of attack and sideslip were 
measured by vanes located on the sane boom. 

The tests were conducted in the clean  configuration with the center- 
of-gravity  position at about 45 percent of the rean aerodynamic chord up 
t o  Mach numbers near M = 0.97 at  40,000 feet and to slightly lmer Mach 
nunibers at altitudes of 25,000 and 15,000 feet .  

The rudder-pulse data w e r e  obtahed near trim lifts f o r  1 g flight 
up to a ~ c h  rider of 0.96 at altitudes of 40,0000 and 25,000 feet. 
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The characteristics in sideslips were measured during  increasing 
and decreasing s idesup angles up t o  Mach  nunibem of 0.97, 0.95, and 
0.92 a t  altitudes of h,WO (ref. l), 25,000, and l5,OOO feet, respec- 
tively. Rudder-fixed aileron r o l l s  from level f1-t were also performed iE 

at the 8- altitudes and similar Mach numbers with half-to-full  aileron 
stick deflections. No full deflection rolls were made a t  15,000 feet .  
A chain  stop was used t o  enable the p i l o t   t o  hold constant  aileron  input. 

4 

Dynamic Lateral  Stability 

To present a complete discussion  of.the lateral handling qualities 
of the X-5 airplane a summary of the dynamic chazacteristics,  previously 
reported i n  reference 4, is repeated i n  this paper. 

A typical time history of the short-perid  lateral   oscil lation 
resulting from an abiupt rudder pulse is shown i n  figure 3. A longi- 
tudinal oscillation i s  also produced because of aerodynamic and engine 
@;yroscopic coupling and some residual  oscillation is evident even with 
negligible  control motions. A t . l o w  Mach nwbers.the  oscillation is mod- 
erately w e l l  damped, but at Mach numbers above M = 0.80 the decay of 
the  oscillation is nonlinear and the damping decreases w i t h  decreasing L 

amplitude, resulting in  neaxly  zero -in@; at small amplitudes. 

4 .  

. "_ 

For convenience,the danrping has been niea-sured for two azqplitudes, 
p > 2 O  and p < 2O. The period, time t o  r3Rmr) t o  half amplitude, and 
cycles t o  damp t o  half amplitude axe presented in figure 4. The period 
gradually  decreases from about 2.7 t o  1.4 seconds Over a Mach nuniber 
range of about 0.52.to 0.96. There is no appreciable  difference in the 
Mach number variation of the value of T1/2 easured for  the lasge- 
amplitude portions of the oscillation be1.m M =.0,80, but at higher 
Mach numbers there is a noticeable  difference i n  damping between oscil- 
lations produced  by lef t  m d  right rudder inputs. This difference may 
be attributed t o  gyroscopic and aerodynamic coupling (ref. 4) and con- 
tinues  to  the test limit Mach m e r ,  with power dampling resulting from 
a l e f t  input. A t  M~ch I I - W I ~ ~ ~ ~ S  near M = 0.83 the small-amplitude por- 
tions of the oscillation are poorly  daqed,  resulting in a residual 
oscillation of low but  nevertheless  objectionable amplitude over a Mach 
number range from about 0.86 t o  0.88 with the value of Tl/2 almost 
double thaCfor the large amplitude. Above about M = 0.93 the -in@; 
appears t o  be largely unaffectea: by amplitude. 

The amplitude of the residual undamped oscillation with  stick held 
manually (data not sham) f o l l w s  the  same general Mach nurnber variation 



as followed by the small-amplitude damping characteristics  (ref. 4). 
The residual  oscillation amplitude  reached a maximum magnitude in  side- 
slip  of.  O.3O with the stick restrained by a mechanical stop as compared 
with a maximum amplitude of 2.5O with the s t ick restra-d manually. 
Consequently, It appears tha t  minor aileron movements are the pr- 
cause of the residual oscillation, although the pi lot  fe l t  that my con- 
trolmotion, thrust change, or turbulent air excited the oscillation. 

The effect  of alt i tude on P, T1/2, and C1/2 i s  also shown in 
figure 4 for  a Mach number range from about 0.52 t o  0.94. A t  871 alti- 
tude of 23,000 fee t  the Mach nuniber variation of the  period I s  similar 
to  the  variation at k0,ooO feet, but the magnitude is  reduced as would 
be expected for the change i n  dynamic pressure. The cycles t o  drurrp to 
half arqplitude follow  the same general trend 88 at  k0,ooO feet ,  and the 
degree of dnmping is about the same, except the nonUnear effects a r e  
not  present. 

In figure 5 a comparison i s  made of the X-5 flight results  with the 
Military  Specification far dynamic lateral s tab i l i ty   ( re f .  5 ) .  The 
requirements relate the  reciprocal of cycles t o  damp t o  half 8xuplitude 

to the r a t io  of roll angle t o  side velocity M. 
1% I. 

Representative data fo r  the Mach mrmber range me shown in figure 5 
and indicate  unsatisfactory  stability over most of the Mach llzzniber raage. 
Most of the marginal. points are indicative of the large-amplitude  portion 
of the oscillation, wbereas the mall-arqplitude data are found t o  be 
mre  unsatisfactory. The pf lot  fe l t  the dynamic characteristics were 
tolerable except in the Mach mmiber region of nonlinear -,ing in  which 
the large  ratio of r o l l  to   s idesl ip  with low damping made t h e   c k a c t e r -  
i s t i c s  intolerable. 

Static  Lateral   Stabil i ty 

Ty-pical  examples of the resul ts  of the s ta t i c  lateral s t ab i l i t y  
characteristics at 40,000 feet (ref.  1) m e  presented in figure 6 as 
functions of sides71p  angle. Aileron, rudder, and elevator  positions 
and forces are presented as a function of sideslip  angles. Angle of 
bank as obtained fromthe transverse  acceleration i s  also sham. The 
data scatter results f r o m  the almost continuous oscillatory motion during 
the sideslip maneuvers. 

The variations of the slopes w/dp the apparent lateral   force 
parameter, d&/dp the amarent d5rectiona.l s tab i l i ty  paranmeter, and 
dsq/df3 the apparent effective  dihedral parameter for alt i tudes of 
40,000, 25,000, an6 1 5 , ~  fee t  axe presented as functions of B c h  nmiber 
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and calibrated  airspeed in figure 7. The apparent directional  stability 
p a r m t e r  is positive and gradually increases from a constant value of 
about dh/d/3 = 1.6 a t  Mach numbers near 0.90, 0.86, and 0.80 t o  values 
on the order of 2.6, 3.1,  and 4.0 a t  Mach numbers of 0.97, 0.95, and 0.92 r 

f o r  alt i tudes of 40,000, 25,000, and 15,000 feet,  respectively. These 
increases axe caused primarily by Mach nuuiber effects  since, as indicated 
in  figure 7 by the  variation of d&/dg with calibrated  airspeed,  there 
is  no appreciable  effect  that i s  consistent w i t h  change in dynamic pres- 
sure. Unpublished --tunnel results show l i t t l e  change i n  the  direc- 
tional stabi l i ty  pazameter Cnp with Mach  nuniber in  the l i f t  range 
covered by these  tests. This change  can be determined by the Mach number 
variation of the  period,  therefqre it is  indicated that the  increase  in 
d&/dp is primarily caused by a  decrease in 

3 

”* 

The apparent effective dihedral p a r e t e r  is high through- 
out  the Mach  lluniber range f o r  all test   a l t i tudes with the value of 6.7 
below M = 0.75 increasing t o  a  value  of.13.5 at M = 0.97 for an alti- 
tude of 40,000 feet. The Mach number variation at the lower t e s t   a l t i -  
tudes i s  generally  the s a w ,  but  the magnitudes of dEat/dp me somewhat 
lower. This  decrease Fn magnitude would be expected, since  the lift 
coefficient is. reduced at the lower altitudes and ‘the  dihedra3 pmam- 
eter  CzP w i l l  be correspondingly  reduced. 

The lateral  force is stable with right bazik required for right side- 
s l ip .  The parameter @/dB at 40,000 fee t  gra&mlly increases with Mach 
number, approximately  doubling from M = 0.62 t o  M = 0.93, and rapidly 
increases t o  M = 0.97, the limit of the tests.  The  Mach  number varia- 
t ions   a t  the lower test   al t i tudes are generally similar, w i t h  the magni- 
tude of dcp/dp increasing on the order of 2.5 t o  3.0 times at 15,000 fee t  
fo r  a  given Mach  number. The increased  values 8t the 1-r test altitudes 
are approximately those expected with dcp/dp Fnversely proportional t o  
lift coefffcient  as  indicated by the  variations of @/dB with calibrated 
airspeed which gradually  increases with increasing aynamic pressure. In 
general, the c r i t i ca l  Mach m b e r   f o r  d l  la teral   s tabi l i ty  paraatetere 
decreases  slightly w i t h  decreasing altitude. 

A 

The control  forces  required t o  perform sideslips axe presented Fn 
figure 8, in the form of dI?ddfl and dFr/dg, 88 a function of Mach 
nuniber and calibrated  airspeed. Generally, the  vmiations with Mach 
number are similar t o  the variations of ds%.dp and  dS,/dg shown in  
figure 7. As would  be expected from congletely unboosted control systems, 
dFddp and dF,/dp  show an increase  with  increasing dynamic pressure 
and the  control  farces are high particularly above the  cr i t ical  Mach nun- 
ber. The variations w i t h  calibrated  airspeed  indicate very l i t t l e  con- 
sistent  effect  due t o  aynamic pressure. T 

f 



c 

1 

mere is essentially 110 in pitching mament caused by sideslip 
at  a l l   t e s t   a l t i t u d e s  as indicated by the almost constant value of elevator 
position during the  sideslips in the  limited test range. 

The lateral-force pmameter was determines f r o m  the miation 
c=$ 

of the  lateral-force  coefficient (-CY = sin q) s idesup  m e  
and is  presented as a variation with Mach nmber b figure 9. The vazi- 
ation of C N ~  with Mach number I s  also shown in thfs  figure. The value 
of  cy^ remains about'  canstant near -0,0085 for t e s t   a t i t m e s  up 

to a Mach nwnber of about 0. & where the value at an alt i tude neas 
40,000 fee t  fncreases t o  about -0.014. 

Lateral ConWol 

Time histories of representative  full-stick  deflection  aileron rolls 
and. bank angles developed d u r a  the rolls axe present& In figure 10 
f o r  an a l t i t . de  of 40,000 fee t .   me   p i lo t  found it d i f f i cu l t  t o  repeat 
maneuvers at  the same conditions  since small c-es in sideslip  possibly 
caused by engine  gyroscopic coupling or  control motions, or  both, have a 
lmge.effect  an the  aileron  effectiveness. fIfhese changes in p produce 
U g e  Fncrements in roll-  moment because of the  excessive *&a1 
effect. Consequently, the first  peak in the rolling velocity m s  used 
t o  determine the  aileron  effectiveness since there was usually 110 steady- 
state  roll- velocity. 

The variation of the aileron effectiveness pzameter e/6 maximum 
2v at' 

rolling  velocity, and maximum --tip helix angle pb/W w i t h  Mach 
number Fs wesented in figure ll. The effectiveness is very l o w  r$tjq = 0.0005 at  M = 0.7s at 40,000 fee t  and increases only slightly 

with Mach  number.  The effectiveness is s t i l l  low a t  an alt i tude of 
~,000 fee t  and an alkitude of 15,000 fee t  (&et-& from one-= 
deflection rolls), but  the value of $IS% is increased to a nearly 

constant  value of 0.001. Because the  adverse  effecte of Cz were 
considerably decreased a t  the lower altitudes, it is f e l t   t h e  rolUng 
effectiveness  presented f o r  2.3,OOO fee t  is more nearly  representative 
of the ~-5,airplane a t  least for this alt i tude and for  lower altitudes. 

1 
B 

The maximum measured values of ro- velociw at  40,000 fee t  were 
on the order of 0.9 radian  per second at M = 0.7l., lncreaslng t o  a value 
of 2.0 radians  per second near M = 0.g6. Although the peak ro lUng  rates 
m e a s u r &  in sane r ight  ro- (fig. 10) m e  near 2.0 rdians per second 
at Mach numbers less than M = 0.9, because of the high dihedral effect 



or  adverse control motions, it is f e l t  the vmiation of maximum roll ing 
velocity with Mach  number mentioned previously is representative of 
40,000 feet. A t  25,000 feet the value W&E Fncreased on the order of 
1 radian per second a t  a l l  Mach numbers. 

The maximum values of pb/2V  were general ly less  than 0 -02 at 
40,000 feet and, less than 0.03 a t  25,000 feet. The airplane is not 
required t o  meet the Military  Specification requirement of pb/W = 0.09 
(ref. 5 )  since the req&ement of 220' p e r  second 5s lower; however, the 
X-5 fails t o  meet pis. req*ement by at  least an increment of pb/2V 
of abouk 0.015 (80 per sec) at  higher Mach nmbers . 

The time required to bank to looo, 5_0@, f o r  full-stfck  deflectfog 
aileron  rolla as determined frm time histories of bank angle is presented 
In 'figure 12. A t  40,000 fee t  the time- t o  bank t o  1@ decreases with 
increasing Mach nmber t o  a value of about 1.5 seconds at M = 0.95. A t  
25,OOO feet the value of Tlo0o has decreased so that at  Mach numbers 
neaz 0.93 the value  nearly meets the reqbement of 1 second t o  bmk t o  
100° specified in reference 5. A brief'  inspection of t h e   m i a t i o n  with 
Mach  number of the time t o  bank to maximum rolling velocity & fn 
figure 12 indicates  considerable scatter. The only obvious kenl i e  that . 
the value of , T tends t o  decreaae with Increasing Mach number asd 

decreasing  altitude, and the values measured in r a t  ro l l s  rule somewhat 
lower than those measured in left rol ls .  

pmax 

R o l l  Coupling 

Wing the  flight  investigation of several current  airplanes, 
undesirable  large roll couplhg effects have been encountered in abrupt 
aileron r o U s  and were reported in references 6 esd 7. By using the 
analytical methods given in reference 8 in modified form it was sham 

reference 9 that, *en the average roll velocfty in 360' r o m  
approaches the lower resonant frequency, undesirably k g e  &magee in 
angle of sideslip and angle of attack might be expected. 

The approx-te flight test envelope of the X-5 airplane is shown 
in figure 13 together with l ines of constant lower resonant frequency 
(pitch). It is evident, even in c o m i n g  the frequency required  for 
resonance with the maximum available rolling velocity  (fig. ll) , that 
the  aileron power is far too low In the Mach n W e r  range investigated 
t o  expect large roll coupling effects. 



Lateral. Problems at High Lift 

As reported in reference 2, the  pltching  characteristics of the 
airplane above the 1ongitudhm.l s tab i l i ty  decay or  pitch-ug boundary 
are aggravated by the occurrence of directional  divergence and aileron 
overbalance. Figure 14 presents time histories of tspical accelerated 
maneuvers performed at  40,000 fee t  dur- wkich both theae kteral defi- 
ciencies occur. At lower Mach nmbers the  airplane has divergd  ln side- 
s l l p  t o  angles in excess of ao, r e s a t i n g  a spin. =tho- -the a*- 
plane would of ten  snap-roll as it diverged, it normally responded to   the  
elevator control as the  pilot  recoverd. The divergence became less  
severe a t  higher Mach nmbers ~5th a result9ng  oscillatory motion 3n 
s u e s l i p  on the eer of 3 O  nem M = 0.9. w pilot  reported 
oscil lations caused by divergence up t o  M = 1.0, Iche onset of direc- 
t i ona l  divergence in terms of Cm and a (fig. 14) is presented. in 
figures 15 and 16 with relation t o  the longitdlnal s tab i l i t y  decay or 
pitch" boundary presented in reference 2. It may be noted that the 
divergence may occur a t  any normal-force coefficient or  angle of attack 
after pitch-up t o  maximum Ut, but genera- occurs on the order of 0.10 
to 0.15 Fn %A or  about 20 t o  3 O  in angle of attack above the pitch-up 
bomdazy over a Mach nmber  range fram aborrt 0.65 t o  0.92. The resul ts  
of reference 3 and. unpublished vertical-tail-lo+ data show that the 
vertical  tail does not mibad. during the divergence.  'Ihis  condition 
indicates the rapid change in the w i n g - f u s e h g e  contribution to  dfrec- 
t i o d  stability is the main cause of the divergence. 'Phe divergence 
was predicted in reference 10 and unpriblished wind-tunnel resul ts  M i -  
cated  the  divergence could be  expected abut 0.10 in CxA above the 
Pitch-Up bow. 

The problem of aileron overbalance  occurred less  frewen-bly  but was 
no less  disconcerting t o  the pi lo t  because the s t i ck  would jerk from side 
t o  side  unless res-trained. When the s t i ck  was res t rabed  laterally with 
a  strap durhg  some accelerated maneuvers, the  pi lot  obviously was unaware 
of this .problem. Al-though it was not easily identified in maqy instances, 
the occurrence of aileron overbalance was defined by the  reversal of 
aileron  st ick force w i t h  respect t o  total a i le ron  deflection  as indicated 
in figure 14. lIhe onset of aileron overbalance in terms of and u 
is presented. in figures 1.7 and 18, respectively, w i t h  re lat ion  to  the 
pi tch-q boundq.  'Phe aileron overbalance may ~ i m 3 h r l y  occur at a q y  
normal-f Orce coefficient or angle of attack after pi tch-q  t o  mxfrmrm. 
let, but generally seem8 t o  occm af te r  tihe anset of directional 
divergence. 
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The abrupt change i n  lateral trim or wing-drqpping tendencies noted 
on a number of other  airplanes at transonic Mach numbers is also a char- 
acteristic of the X-5. The wlng drops rather ab rq t ly ,  generally t o  the 
l e f t ,  in the Mach  number range from ab& 0 . 9  t o  0.92 at  40,000 feet  
and a t  slightly lower Mach numbers a t  lower test altitudes. The p i lo t  
reported this occurrence was difficult t o  correct withovt overcontrolLing, 

he f e l t  the wLng dropping was caused by a combined directional and 
l a t e ra l  trim change with the  directional change predminatlng. The wing- 
dropping tendency  stopped &er 8 change i n  Mach nwkr of 0.02; however, 
the p i lo t  reported left-wFng heaviness a t  higher Mach  numbers and a t  
high-  dymmlc pressures . 

An example  of wing droppfng which occurred a t  40,000 feet fs presented 
as a time history in figure 19. The usual unsteady  behavior is apparent 
w i t h  the. wing dro ing t o  a bank angle of about l3O a t  M = 0 . s .  The 
p i lo t  med sbout 5 of aileron t o  stop KLng dropping In this case#  but 
norma-, the   pi lot  would correct the King dropping with rudder deflectian. 

3 

Rudder Oscillation at Supersonic Mach k b e r s  

Another control problem encountered at low sqersonic Mach Illllll'beTE 
' was single-degree-of -freedam f l u t t e r  of the rudder. A time history of 

quantities measured during a shallow dive t o  30, OOO feet  is presented 
in figure 20. A constant 30-cps oscFUs=tion occurred on the rudder and 
vert ical  fFn as the Mach number decreased frm 1.6 t o  1.00 during recovery 
from the dive. The aclxal  values of the r u d d w i t i o n  and pedal force 
may be as high as ?4O and 220 pounds, respectively,  since  the m e a s u r e d  
values were on the  order of only 25 t o  30 percent of the actual values 
because of the frequency-response characteristics of t h e   r e c o r d a  elemenfa. 

W i t h  the rudder-control system made as  r igid as possible, a dive was 
repeated aSa an intermittent 30-cps oscillation wae recorded In about the 
same Mach  number range. The pilot  reported he  could f e e l  t h e  oscilla=tion 
through the rudder pedals an3 that rudder deflection frm neutral. appar- 
ently had no effect  on the oscillation. 

P i l o t s '  lbrpressions 

!&e X-5 afrplane at  sweepback is considered t o  have the least 
desirable la.teral stabi l i ty  and control  characteristics of any of the 
airplanes  tested, including straight-wing, swept-wing, semltailless, and 
delta-wing crmfigurations, One pilot ,  whfle checking Ozrt in the X-5 air- 
plane,  discontfnued R speed run at M = 0.85 and rn alt i tude of 35,000 fee t  
because he strongly doubted his abi l i ty  t o  kqep the amlane right side up. c 

= 



fche outstanding  deficiency of the X-3 atrplane is the lateral- 
directional oscillation ar "Dutch rol l"  caused by hm positfve dih- 
effect. This  oscil lation I s  asnoyhg buk tolerable  for  research flying 
over the  entlre speed  range at  40, OOO feet ,  except over the range of 
M = 0.86 t o  M = 0.88 where the  residual, s m a l l  ampUtude, virtually 
undamped. oscfllation is most noticeable. The dihedral effect decrea8es 
wfth a decrease of alt i tude but  never  reaches a satisfactory value. The 
airplane  exhibits  positive lateral s tab i l i ty  during  sideslip maneuvers 
and requires W g e  ailercm deflections  for small rUaaer deflections; 
however, it is inrpossible t o  maintain a steady sideslip without roll- 
oscillations. Normal turning-maseuvers  tend to be jerky uith abrupt 
Fncreases ardt decreases of bask angle, apparently caused by small ;yawing 
motions and asgle-of  -attack changes. In straight and level flight, 
lateral-directionaL  OscilLations can be inftiatea by contz-01 motions, 
power changes, m turbulent air. 

The aileron  effectiveness is low at -all Mach mmibers and, except 
f o r  the dve r se  dihedral effects in some conditions, the r o 1 L u  
acter is t ics  are normal wlth rolling velocity  proportional to aileron 
deflection and increase as Mach number increases. fChe rolling character- 
is t ics  improve with decrease of a l t i tMe,  but maximum rolling veloci-i;y 
is limited because of the excessive  force necess- t o  obtain b g e  aileron 
deflections. N e a r  the lg stall there is l i t t le  o r  no Lateral contrrol 
and newly zero aileron stick force. 

fiom the flight investigation of the B e l l  X-5 r e swch   a t rp l ane   a t  
58-70 sweepback a t   a l t i t udes  of 40,000, 2'j,OOO, ~IXI 15,OOO f ee t  it mqy 
be concluded that: 

1. The  dynamic characteristics were influenced by both aerodynamic 
and engine ggroscopic couglbg. The short-period la teral   osci l la t ion 
was moderately WEU damped t o  a &ch m b e r  of 0.80, but at mer 
Mach nunbers the damping was only tolerable  became of tihe Mluence of 
nonllnearr dmplng. However, fn ccmpzison with the Military Specification, 
the damping was gaera33y  unsatisfactory over most of the Mach number 
range . 

2. The appment directional s tab i l i ty  w&s posi€ive and nemly con- 
stant for all test alt i tudes up t o  a Mach number of 0.85 armi increased 
appreciably at higher Mach numbers. The apparent  effective dihedral had 
a hi& positive value and increased rapidly at higher Mach nmbera. The 
lateral-force  coefficient  per degree of sideslip was nearly constane f o r  
all al t i tudes  to   a  Uach nmiber of Om& and increased rapidly with -her 
-ease in ~ a c h  number at  40,000 feet. mere w a s  l f t t l e  c u e  ~n 



pitching mament caused by sideslip at  asy alt i tude for the limited range 
of sideslip angles  tested. Changes in aynamic pressure had l i t t l e   e f f e c t  
on most of the  static  stability  characteristics. 

I 

3. fIhe rolling characteristics were considerably affected by the 
adverse dfhedral effects,   pmticubzly at  40,000 feet.  me  aileron  effec- 
tiveness was l o w  a t  all altitudes aSa varied l i t t l e  with Mach nmiber. 
There was Fnsufficient  aileron power t o  meet the Militmy Specification 
requ3rement for roll- ve1oci.Q or the requirement of 1 second t o  bank 
to 1000, 

4. Directional  divergence occurred a t  high lifts, resulting in  side- 
s l i p  angles Fn excess of 25O a t  low Mach numbers. A t  high Mach nmbere 
the  divergence caused only oscillatory motions in sideslip, 

5. Aileron  overbalance also occurred a t  high lifts, causing the 
st ick t o  jerk' from side  to  side when not  restrained. !be overbalaxu=e 
usually followed the  directional divergence. 

6. An abrupt wing-&roppin@; tendency was encountered a t  40,000 feet  
over a Mach nmber range 13om about 0.9 t o  0.92. Wing heaviness  also 
occurred a t  higher Mach nrnnbers ami a t  hi&= dynamic pressures. . 

7. Sbgle-degree-of-freedom f lu t t e r  with a  frequency of 30 cycles 
per second occurred on the rudder a t  low sypersanic Mach nmbers in * 

grad.1~1 dives frm 40,000 feet. The oscillatory values of rudder deflec- 
tion and pedal. force were on the ord'ff of t k o  and +20 pounds, respectively. 

8. The p i l o t  cansidered. the X-5 afrp3ane t o  have the least desirable 
overall l a te ra l  stabflity and control  cherracteristics of a number of 
straight-wing, swept-wjng, delta-wing, asd semitailless  configurations 
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": 
We-t. lb: 
FullArel ........................... IO. 006 
Lasamel  7. 894 . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PawerpLapf : 
Arlal-ilov turbojet engine . . . . . . . . . . . . . . . . . .  n5-A-17 
-ed L%iXd thrust 8t 7, 800 d 

atRtic a e a - l e v e l  ccmbitians. Ib . . . . . . . . . . . . . . .  4. 5m 
Momemt of inertia of mtat5ng maas. alug-ft2 u.1 

Lessfuel 45.5 

overall I-. ft ......................... 33.6 

. . . . . . . . . .  
C ~ " O f - @ " 8 V i t f  weition, - 8erodgnamic ahcad: 
Fullfuel ........................... 45.0 

Ovcxall heiat, ft 12.2 

W e n t s  of ineftia for 58.70 (clean canfigtm&hu, 

........................... . . . . . . . . . . . . . . . . . . . . . . . .  
full fuel). elug-ft2: .......................... 
A b o l r t Y g x i e .  9. 495 
About 5, 165 

About Z-axis  . . . . . . . . . . . . . . . . . . . . . . . . . .  LO. 110 
lhclitm%ion of pincipal axem. dmm at the nose. deg . . . . . . .  1.75 

. . . . . . . . . . . . . . . . . . . . . . . . .  

Whg: 
A i r f o i l  section (pqpendicular to 38.02 percent chard line): 

Pivot poht ...................... - q10pn 
!Xp . ........................ l w c A 6 b ( ~ ) A o o 8 . 2 8  

sweep angle at 0.- CBOrb, deg . . . . . . . . . . . . . . . . . . .  98.7 
span. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.1 

Meanagodyaamic Ch0Y.a. ft 9.95 
BCper r a t io  0.411 

etation . . . . . . . . . . . . . . . . . . . . . . . . . . .  101.2 
Incidence roat chord. deg .................... 0 
Dihedral. deg . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

h a .  sqft  ........................... u3.7 

@8Ilbeh8=8&d=ttips,ft . . . . . . . . . . . . . . . . .  19.3 
Aspect ratio ........................... 2.2 ........................... .................... 
kSXtiOXl lead- cage Of 8- w. fuew 

... 

&cmle-&ic IASt. deg . . . . . . . . . . . . . . . . . . . . . . .  0 
ww fl+tBs (split): Area. sqft  .......................... 15.9 span. m a  to w e  center line. it 6.53 . . . . . . . . . . . .  CkCZd. parallel fo Of 8t 200 -epbsck, in . . 

kot . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30.8 

!lYavel. deg .......................... 60 

 rea, a q i t  .......................... 14.6 Sgan. p ~ a l l e l t o k a d i n g ~  . . . . . . . . . . . . . . . .  10.3 chcrrd. pgpendicular to leading edge. in . : 
Root . . . . . . . . . . . . . .  : . . . . . . . . . . . . . .  u.1 
n p  .............................. 6.6 

Down . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

............................. !Pip 19.2 

slate (leaning edge aiv"&): 

Travel. percent w i n g  chard: 
Farward . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 

meran (45-percent internal  sea^ pressme balarr?e): 
&ea ( e a c h  aileron behina hinge me). eq ft . . . . . . . . . . .  3-62 
gpen parallel to hhge center Une. Ft . . . . . . . . . . . . .  5.15 
Travel. deg . . . . . . . . . . . . . . . . . . . . . . . . . .  k15 . . . . . . . . . . . . . . . . . . .  
bkGnent"€a rearuma of hinge llpc (M). f n . 3 .  4. 380 
Chard. ~ ~ e n t v i n g c h c r r d  19.7 . . . . . . .  

c 

..... " 

I 

"" 

s 
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!r!AErx I . . ConClUdea  

PHYSICAL CHAFtACTERISTICS OF 'IEI BEZL X-5 AIRPUT% 

AT A SWEEP ANGIJ3 OF 58.f 
Ebrizontal tail: 

A i r f o i l  section (-el to fuselage  center llne) . . . .  Area. s q f t  . . . . . . . . . . . . . . . . . . . . . . . .  spBn.ft . . . . . . . . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . .  
Taper ratio . . . . . . . . . . . . . . . . . . . . . . .  
Sweep angle a t  0.25 percent chard.  deg . . . . . . . . . .  
Mean aerodynamic &ora. in  . . . . . . . . . . . . . . . .  
Position of 0.25 mean aeroaynamFc .chord. fuselage statton 
Stabilizer Ixavel. (power actuated.), deg: 

Leadingedgeup . . . . . . . . . . . . . . . . . . . .  
Leadingedgedarn . . . . . . . . . . . . . . . . . . .  

Elevator (20.8-percent overhang balance.  31.5-percent span) : 
Area of hinge Mne. sq ft . . . . . . . . . . . .  
Travel from stabilizer. deg: 

. 

Q . . . . . . . . . . . . . . . . . . . . . . . . . . .  chord. percent horizontal tail chord . . . . . . . . . . .  Down . . . . . . . . . . . . . . . . . . . . . . . . . .  
Moment-area m8mmz-d of h3nge lFne (total). in.3 . . . . .  

V e r t i c a l  tail: 
~ i r f o ~  section (parallel t o  rear fuselage  center me) . . 
kea. (aMve rem fuselage  center I-) . sq ft . . . . . . .  Span. perpdicu lm t o  rear fuselage  center Une, ft . . . .  
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . .  
Sweep angle of leading edge, deg . . . . . . . . . . . . . .  
Fin: 

Rudder  (23.1-percent overhang balance. 26.3 -percent span) : 
. . . . . . . . . . . . . . . . . . . . . . .  Area. sq ft 

Area  reazwaxd o f  hinge line, sq ft, . . . . . . . . . . . .  
Travel, deg . . . . . . . . . . . . . . . . . . . . . . .  Chord. percent horizontal tall chord . . . . . . . . . . .  
Span.ft . . . . . . . . . . . . . . . . . . . . . . . . .  
M o m e n t - a r e a  reazward o f  hFnge line. in.3 . . . . . . . . .  

Distance from airplane center of gravity to 0 -25 mean 
aeroaynarnic chord of vertical tail. ft . . . . . . . . . .  

25 
20 
30 

4,200 

. .  . .  . .  . .  
0 .  

. .  . .  . .  . .  . .  

. .  

. 611.7 . 1.47 . 46.6 

. 24.8 

. 4.7 
0 4.43 . k35 . 22.7 

3, 585 

. 16.5 
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E-813 
Figure 1.- Photograph of the Bell X-2 research airplane at 58.7’ sweepback. - 
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Ffgure 2.- Three-view drawfng of the Bell X-5 research a-rrplane at 
58.7O sweephack. 
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Figure 3. - Tizre history of lateral oscillation resulting from a rudder 
pulse at M = 0.90; hp = 40,000 feet. 
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Figure 4.- Period asd damping variation of the lateral oscillations. 
% = 40,000 feet. 
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I (Tugged symbols denote low amplitude) I 
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Figure 5.- Conprison of damping characteristics with the Military 
Specification. 
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(b) M = 0.94; $ = 40,000 feet. 

Figure 6 . -  Concluded. 
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Figure 7.- Variation of several apparent lateral s t a b i l i t y  parameters 
with Mach mer and calibrated airspeed. 
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Figure 8.- Variation of control-force  characteristics in  sideslip  with 
Mach nuuiber and calibrated &speed. 
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(a) M = 0.77. 
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Figure 10.- Tirne histor ies  of rudder-fixed a i k r o n  rolls performed at 
an a l t i tude  of 40,000 feet. - 
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(b) M = 0.93. 

Figure 10. - Concluded. 



- NACA RM 

pmox, radians/sec 

3 

2 

I 

0 

I (Ref. 5) 
I 

.08 

.04 

I I I 
.7 .8 .9 

M 

. 
t 

3 

Figure 11.- Variation of aileron effectiveness, maximum rolling velocity, - 
and maximum wing-tip helix angle with  Mach amher and comparison with 
the Milttary Specification. 
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Figure 12.- Variation of tinre t o  bank to looo and tbz to bank t o  
IIlaxinnun r o l i n g  velociw with Mach number for full-deflection 
ro l l s .  
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Flgure 13.- Approximate flight t e s t  envelope of X-5 airplane showing 
lines of constant lower resonant frequency (pitch). 
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( a) Stabilizer p u ~ - u p .  

- Figure 14.- Examples of  directional divergence and aileron overbalance 
a t  high lifts for  an altitude of 40,000 feet. 
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( c) Elevator p u l l - q .  

Figure 14.- Concluded. 
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Figure 15.- Variation of CN with M for occurrence of i l i rec t iwal  A 
divergence a8 conpazed with the longitudinal stabllity decay 
boundary. hp = h,ooO feet. 
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Figure 16.- Variation of a with M for occurrence of directlord 
divergence as compared with the 1 0 n g i l x d i n a L  s tabi l i ty  decay 
boundmy. hp = 40,000 feet. 
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Figwe 17.- Variation of mA with M ' for occurrence of aileron over- 
balance as corrpared with the longitudinal s tab i l i ty  decay baundary. 
hp = 40,000 f e e t .  
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Figure 18.- Variation of a with M for occurrence of aileron mer- 
balance as cornpaxed with the  longitudhal stability decay boundmy. 
% = 40,000 f e d .  
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Figure 19. - Exanrple oi wing dropping at an altitude of 40,000 feet. 
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Tlme history of quantitrtes measured bin@; single-degree-of- 
freedom f l u t t e r  of the rudder. 


